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Male germ cell chromosomes of S. p. pedemontanum (Allioni) (Switzer¬ 
land; n = 13) are described and illustrated for the first time, and a redescrip¬ 
tion is given of the complement of S. p. elatum (Selys), based on fresh 
Japanese material (n = 13). While a minute m-pair is present in the latter, 
considerably larger m-chromosomes occur in the nominate form. This observ¬ 
ation, viewed in the light of the history of infraspeciation as derived from 
structural characters and distributional patterns by B.F. BELYSHEV (1973. 
The dragonflies of Siberia. Vol 1, Pt. 1. Nauka, Moscow), is a new argument 
against the m -chromosome theory of karyotype evolution in Odonata. 


INTRODUCTION 

Among the hitherto studied Eurasiatic representatives of the genus, the 
complex Sympetrum pedemontanum (Allioni, 1766) is certainly, from the 
cytotaxonomic point of view, one of the most interesting species. Its Japanese 
form, S. p. elatum (Selys, 1872), is one of those taxa that were studied in the 
very earliest times of dragonfly cytotaxonomy (OGUMA, 1915) and its karyo¬ 
type, which has been believed at that time to be one of the most peculiar in the 
order, served in the line of evidence of the well known m-chromosome theory of 
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karyotype evolution in dragonflies, advanced by OGUMA (1930), which has 
stood for more than thirty years. 

As understood at present, the S. pedemontanum complex includes four 
infraspecific taxa. The westernmost of these, the nominate form, has a European 
and west Siberian distribution (westward of the Upper Ob Basin), while the 
easternmost subspecies, S. p. elatum , is peculiar to the Japanese archipelago and 
Korea (cf. also ASAHINA, 1939,1949). From the central and eastern palearctic 
(continental) Asia are described S. p. kurentzovi BELYSHEV, 1956 (Ussur area, 
and S, p. intermedium BELYSHEV, 1955 (central Siberia, from the Upper Ob to 
the central Amur, and Mongolia). Structural affinities, history of the distribution 
and evolution (infraspeciation) of the species were discussed by BELYSHEV 
(1973). 

Cytologically, so far only two Japanese populations have been examined by 
OGUMA (1915, 1930). Since Oguma’s 1915 observations deviate from his 1930 
evidence, a reexamination of the Japanese material was certainly useful. In 1968 
we had the opportunity to study fresh material from the surroundings of Tokyo, 
but it was not until summer 1975 that chromosome preparations of the Euro¬ 
pean (nominate) form finally became available. 

Although nothing is known yet on the karyotypic morphology of the two 
Siberian taxa, we believe it worthwhile to bring on record the hitherto available 
evidence, and to confront the karyotypic features with the ideas on the origin 
and evolution of the species as advanced by BELYSHEV (1973). 

MATERIAL AND METHODS 

The observations are based on lacto-acetic-orcein semipermanent squash 
preparations of two adult males S. p. elatum from Koakao near Tokyo, Japan 
(August 18, 1968), and of one adult male of the nominate form from Stampa 
(alt. 990 m), Val Bregaglia, Grisons, Switzerland (August 12, 1975). In both 
cases the slides were photographed approximately one week after fixation. 
Respectively, 14 and 8 slides yielded 84 and 70 micrographs. 

The permanent slides, micrographs and specimens are in the collection of the 
Netherlands Centre for Alpine Biological Research, Utrecht. The documentation 
related to the Swiss material will be deposited in the Biindner Naturhistorisches 
und Nationalpark Museum in Chur, Switzerland. 

THE KARYOTYPES 

S YMPETR UM PEDEMONTANUM PEDEMONTANUM (ALLIONI) 

Figures 1-2 

2n 6 = 25, n 6 = 13. In spermatogonial metaphase the elements are of 
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Figs. 1-2. Sympetrum pedemontanum pedemontanum (Allioni); Cisalpine Switzerland; 
(lacto-acetic-orcein squash, 2250 x): (1) Spermatogonial metaphase (phase contrast); - (2) 
Primary spermatocyte metaphase. 


gradually decreasing magnitude, save for two small, but not minute, m -chromo¬ 
somes, and are reasonably well distinguishable by their size. The sex chromo¬ 
some is approximately equal in size to the smaller autosomes, but seems to have 
at least 5-6 times the volume of an unpaired m-element. At primary spermato¬ 
cyte metaphase, X is the second smallest of the set, about three times more 
voluminous than the weakly stained m-bivalent. 

S YMPETR UM PEDEMONTANUM ELA TUM (SELYS) 

Figure 3 

2n 6 = 25, n 6 = 13. The primary spermatocyte elements appear of more 
uniform size than they are in the nominate form. Although the sex element is 
the second smallest of the set at this stage, its ratio with the smallest ’’normal” 
autosome bivalent is considerably smaller than it is in the nominate form. The 
m-bivalent is present in all figures of both individuals, but it is much thinner 
than in the nominate form. 


DISCUSSION 

a Although, as expected, the chromosome number is equal in the two infra¬ 
specific taxa studied, there are slight but significant differences in the karyotypic 
morphology of the two subspecies. There is also a clear difference between the 
situation recorded by OGUMA (1915, 1930) and the present observation on S. 
p. datum. 
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Fig. 3. Sympetrum pedemontanum elatum (Selys; Japan (lacto-acetic-orcein squash, 2250 
x). Primary spermatocyte metaphase (phase contrast). 


The karyotype of the nominate form could be regarded as what is considered 
the usual type of Sympetrum complement. The elatum karyotype, on the other 
hand, is remarkable by the minuteness of the ra-elements. From among 18 
representatives of the genus thus far studied (cf. KIAUTA, 1972, 1973), it seems 
that in no n = 13 species the m's are as small as in our material, though they are 
minute in the allied genus Tarnetrum (cf. KIAUTA, 1969; T. corruptum). 

OGUMA, in his 1915 paper, counted but 12 elements in the primary 
spermatocyte metaphase of elatum and stated, in 1930, while reviewing retro¬ 
spectively his 1915 observations on 8 anisopteran species: .. the size of the 
smallest chromosome in a chromosome garniture varies from species to species, 
in some species it looks like a spot, while in other it is hardly distinguished from 
the next small chromosome by its magnitude, and thus the case of Sympetrum 
pedemontanum [elatum] may show an example in which it entirely disappears 
by extreme diminution..This belief also formed the basis of Oguma’s 
m-chromosome theory of karyotype evolution in dragonflies. 

Although in 1930, reexamining the cytology of elatum on fresh material, 
OGUMA did find an m-bivalent in all primary spermatocyte metaphase figures, 
he noticed ”a striking peculiarity there, that is the extreme diminution of size of 
the m-bivalent”. His illustrations (drawings) are also very convincing on this 
point. 

It should be noted that Oguma used other fixing and staining techniques 
(Flemming, Hermann, Camoy, Gilson) than applied to our material; never¬ 
theless, the difference in relative size of the element cannot be ascribed to this 
circumstance. Furthermore, his illustrations of other species, as published in the 
same paper, do often perfectly agree with our micrographs of the complements 
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of these obtained from orcein material. 

Summarizing the above, it seems clear that (1) S. p. pedemontanum possesses 
a karyotype with a small /n-bivalent, whereas (2) in S. p. elatum the m-bivalent is 
minute in our material, or extremely minute (if not occasionally even lacking) in 
some of the material studied by Oguma. 

BARTENEF (1915) treated these two forms as distinct species in his ’’Group 
II — flaveolum ” of which S. flaveolum (L.) and S. madidum (Hag.) are the only 
other two species studied cytologically. Both of them have 13 elements in 
primary spermatocyte metaphase, including a pair of small, but not minute, 
m-chromosomes. Such components occur in most of Bartenefs other Sym- 
petrum ’’groups” as well, while 5. p. elatum seems to be unusual in this feature. 
The karyotypic morphology, thus, cannot be used in support of Bartenefs 
classification of the genus. 

A NOTE ON THE EVOLUTION WITHIN THE SYMPETRUM 
PEDEMONTANUM COMPLEX BASED ON THE CYTOLOGICAL EVIDENCE 

It seems extremely intriguing to approach the problem of the evolution of a 
complex of infraspecific forms from the cytological point of view, and to 
confront the cytological evidence with that coming from other lines of research. 

In one of our earlier papers (KIAUTA, 1968) we have discussed in detail the 
value of the variation of the m-chromosome between geographically distant 
populations (infraspecific forms) of a dragonfly species, and arrived at the 
conclusion that the variation is incidental and cannot be used as evidence in the 
examination of the history of the distribution of a species and, hence, we 
stressed this conclusion as a part of the evidence against the theory of gradual 
diminution and final disappearance of the ra-element in dragonfly complements. 

BELYSHEV (1973) thoroughly discussed, on zoogeographical and structural 
grounds, the origin and successive geographic infraspeciation of the Sympetrum 
pedemontanum complex, and concluded that the primary centre of origin and 
distribution of the species should be somewhere in the eastern portion of its 
present range, from where it migrated to the western palearctic, but in Europe 
did reach neither the Mediterranean islands nor the British Isles. In the eastern 
portion of its range the species shows considerable evolutionary ’’plasticity”, 
resulting in the formation of at least three distinct infraspecific forms. 

If Belyshev’s arguing is correct, as it seems it is, the oldest karyotype 
(represented, as postulated by the /n-chromosome theory of Oguma, by the 
complements with the largest m-elements) is to be expected in the Japanese, not 
in the European form. This is, however, contrary to our observations described 
above. 

Although nothing is yet known on the cytology of S. p . kurentzovi and S. p. 
intermedium , and one may not exclude entirely the possibility that Oguma’s 
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process of diminution of the m took place in the original stock only after the 
separation and subsequent isolation of the ancestors of the European form, it 
seems in this case again rather unlikely that the morphology of the w-element 
played any decisive role in the process of infraspeciation. Due to the diffuse 
nature of the odonate kinetochore this is easily understandable and it is also 
supported by the observation that in a number of species the individuals with 
m-elements and those without them are present in the same population, or even 
that two different complements occur in one and the same individual. 
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